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7KH� FXUUHQW� FRQWURO� ODZ� XVHG� IRU� WKH� IOLJKW� GLUHFWRU� LQ� WKH� %RHLQJ� ���� VLPXODWRU� LV� LQDGHTXDWH� ZLWK� ODUJH
ORFDOL]HU�GHYLDWLRQV�QHDU� WKH�PLGGOH�PDUNHU�� �(LJKW�GLIIHUHQW�FRQWURO� ODZV�DUH� LQYHVWLJDWHG�� �$�KHXULVWLF�PHWKRG� LV
XVHG� WR� GHVLJQ� FRQWURO� ODZV� WKDW� PHHW� VSHFLILF� SHUIRUPDQFH� FULWHULD�� � 7KH� GHVLJQ� RI� HDFK� LV� GHVFULEHG� LQ� GHWDLO�
6HYHUDO� WHVWV�ZHUH�SHUIRUPHG�DQG�FRPSDUHG�ZLWK� WKH�FXUUHQW�FRQWURO� ODZ� IRU� WKH� IOLJKW�GLUHFWRU�� �7KH� JRDO�ZDV� WR
GHVLJQ�D�FRQWURO�ODZ�IRU�WKH�IOLJKW�GLUHFWRU�WKDW�FDQ�EH�XVHG�ZLWK�ODUJH�ORFDOL]HU�GHYLDWLRQV�QHDU�WKH�PLGGOH�PDUNHU�
ZKLFK�FRXOG�EH�FDXVHG�E\�ZLQGV�RU�ZDNH�WXUEXOHQFH��ZLWKRXW�LQFUHDVLQJ�LWV�OHYHO�RI�FRPSOH[LW\�

,1752'8&7,21

7KHUH�DUH�VHYHUDO�QDYLJDWLRQ�V\VWHPV�WR�DLG�D�SLORW�LQ�ODQGLQJ�DQ�DLUFUDIW���&RPPHUFLDO�DLUFUDIW�QRUPDOO\�XVH�WKH
LQVWUXPHQW�ODQGLQJ�V\VWHP��,/6��WR�PDNH�DQ�DSSURDFK�DQG�ODQG���,/6�LV�OLPLWHG�WR�D�FHLOLQJ�RI�����IW�DQG�YLVLELOLW\�RI
KDOI�D�PLOH���7KH�,/6�KDV�EHHQ�WKH�LQWHUQDWLRQDO�VWDQGDUG�IRU�WKH�SDVW����\HDUV���7KH�SLORW�KDV�DFFHVV�WR�VHYHUDO�W\SHV
RI� LQVWUXPHQWV� WR� KHOS�KLP�QDYLJDWH� WR� WKH� UXQZD\�� �7KH� LQVWUXPHQW� ODQGLQJ� V\VWHP� �,/6�� DSSURDFK�SURYLGHV� WKH
SLORW�YHUWLFDO�JXLGDQFH�DV�ZHOO�DV�KRUL]RQWDO�JXLGDQFH�WR�WKH�UXQZD\��7KH�,/6�DSSURDFK�ZLOO�JXLGH�WKH�SLORW�GRZQ�WR
KLV�ODQGLQJ�VLWH��UXQZD\��

7KH�,/6�LV�FRPSRVHG�RI�SRVLWLRQ�LQIRUPDWLRQ��UDQJH�LQIRUPDWLRQ��DQG�YLVXDO�LQIRUPDWLRQ��ILJXUH�����7ZR�KLJKO\
GLUHFWLRQDO�WUDQVPLWWLQJ�V\VWHPV�SURYLGH�WKH�SRVLWLRQ�LQIRUPDWLRQ��WKH�ORFDOL]HU��/2&��DQG�WKH�JOLGHVORSH��*6����7KH
/2&�SURYLGHV�WKH�SLORW�LQIRUPDWLRQ�UHODWLQJ�WKH�KRUL]RQWDO�SRVLWLRQ�WR�WKH�UXQZD\��7KH�VLJQDO�LV�WUDQVPLWWHG�IURP�DQ

)LJXUH���*URXQG�7UDQVPLWWHU�6XE�6\VWHP
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DQWHQQD�ORFDWHG�RQ�WKH�UXQZD\�FHQWHUOLQH�DW�WKH�IDU�HQG��W\SLFDOO\��������IHHW�IURP�WKH�DSSURDFK�HQG�RI�WKH�ODQGLQJ
UXQZD\��7KH� VLJQDO� LV� XVDEOH� IURP� D� GLVWDQFH�RI� DW� OHDVW� ���QDXWLFDO�PLOHV� �QP���5HOLDEOH� LQGLFDWLRQV� RI� EHLQJ� RII
FRXUVH�WR�WKH�OHIW�RU�ULJKW�FDQ�EH�UHFHLYHG�����HLWKHU�VLGH�RI�WKH�UXQZD\�FHQWHUOLQH��EXW�WKH�LQVWUXPHQW�RQO\�LQGLFDWHV

±���°�� �7KH�*6�SURYLGHV� WKH�SLORW�YHUWLFDO� LQIRUPDWLRQ�SRVLWLRQ� WR� WKH� UXQZD\��7KH�DQWHQQD�VLWH� LV� ORFDWHG����� WR
������IHHW�IURP�WKH�DSSURDFK�HQG�RI�WKH�ODQGLQJ�UXQZD\�DQG�LV�RIIVHW�����WR�����IHHW�IURP�WKH�UXQZD\�FHQWHUOLQH�
7KH�EHDP� WUDQVPLWWHG� LV� ����� ZLGH� DQG� LV� DQJOHG� XSZDUG� DW� DSSUR[LPDWHO\� WKUHH� GHJUHHV� WR� LQWHUFHSW� WKH�PLGGOH
PDUNHU�DW�����IHHW�DQG�WKH�RXWHU�PDUNHU�DW�DERXW�������IHHW�DERYH�WKH�UXQZD\�HOHYDWLRQ��7KH�*6�VLJQDO�LV�QRUPDOO\
XVDEOH�WR�D�GLVWDQFH�RI�DW�OHDVW����QP�IURP�WKH�DQWHQQD�VLWH���0DUNHU�EHDFRQV�FDQ�SURYLGH�WKH�UDQJH�LQIRUPDWLRQ�IRU
WKH� ,/6�� 1RUPDOO\� DQ� ,/6� KDV� WZR�PDUNHU� EHDFRQV�� WKH� RXWHU� PDUNHU� �20�� DQG� WKH� PLGGOH� PDUNHU� �00��� 7KH
PDUNHU�EHDFRQ�LV�D�VLJQDO�WUDQVPLWWHG�IURP�DQ�DQWHQQD�DUUD\��ZKLFK�SURGXFHV�DQ�HOOLSWLFDO�SDWWHUQ�������IHHW�ORQJ�E\
������ IHHW� ZLGH� DW� DQ� DOWLWXGH� RI� ������ IHHW� DERYH� WKH� DQWHQQD� VLWH�� 7KH� VLJQDO� LV� �� ZDWWV� RU� OHVV� LQ� SRZHU� DQG
WUDQVPLWWHG�RQ� D� IUHTXHQF\�RI� ���0+]��7KH�20� LV� ORFDWHG� �� WR� �� QP� IURP� WKH� UXQZD\� WKUHVKROG�� � 7KH�00� LV
ORFDWHG�������IHHW�IURP�WKH�UXQZD\�WKUHVKROG�ZKHUH�WKH�*6�LV�����IHHW�DERYH�WKH�WRXFKGRZQ�]RQH�HOHYDWLRQ��7KH
YLVXDO� LQIRUPDWLRQ� IRU� WKH� ,/6� FRQVLVWV� RI� DSSURDFK� OLJKWV�� WRXFKGRZQ� ]RQH� OLJKWV�� UXQZD\� FHQWHUOLQH� OLJKWV�� DQG
UXQZD\� OLJKWV�� � �7KH�/2&�DQG�*6� VLJQDOV� DUH� UHFHLYHG�E\� WKH� DLUSODQH� LQVWUXPHQWV� DQG�XVHG�E\� WKH� FRPSXWHU� WR
FDOFXODWH�WKH�RXWSXW�RI�WKH�IOLJKW�GLUHFWRU�
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7KH�IOLJKW�GLUHFWRU� LQ�ILJXUH���LV�DQ�H[DPSOH�RI�D�GLJLWDO�GLVSOD\� LQ�WKH�VLPXODWRU�KHUH�DW�1$6$�/DQJOH\� LQ� WKH
6LPXODWLRQ�6\VWHPV�%UDQFK�� �2Q� WKH� ULJKW� LV� WKH�*6�DQG� LW� LQGLFDWHV� WKH�SODQH� LV�EHORZ� WKH�JOLGHVORSH�DQG�RQ� WKH
ERWWRP�LV�WKH�/2&�DQG� LW� LQGLFDWHV� WKH�SODQH� LV� ULJKW�RI�FHQWHUOLQH�� �+RZHYHU� WKH� IOLJKW�GLUHFWRU� UHYHDOV� WKH�SODQH
QHHGV�WR�EDQN�ULJKW��

7R� SUHSDUH� IRU� ODQGLQJ� WKH� SLORW�PXVW� ILUVW� WXQH� DOO� QHFHVVDU\� QDYLJDWLRQ� UDGLRV� WR� UHFHLYH� WKH� /2&� DQG� *6
VLJQDOV�� � 7KH� UDGDU� FRQWUROOHU� ZLOO� JXLGH� WKH� SLORW� E\� LVVXLQJ� YHFWRUV� �KHDGLQJ� FKDQJHV�� XQWLO� WKH� DLUFUDIW� LV� RQ� D
KHDGLQJ� WR� LQWHUFHSW� WKH� /2&� DW� DSSUR[LPDWHO\� D� ���� DQJOH� EHIRUH� UHDFKLQJ� WKH� RXWHU� PDUNHU�� 2QFH� WKH� SLORW� LV
ZLWKLQ�WKH������DQJOH�WKH�IOLJKW�GLUHFWRU�ZLOO�JXLGH�WKH�SLORW�E\�LQGLFDWLQJ�ZKDW�DQJOH�WR�EDQN�WKH�SODQH�WR�DFKLHYH�WKH
GHVLUHG�ORFDWLRQ��FHQWHUOLQH���7KH�IOLJKW�GLUHFWRU�ZLOO�DGMXVW�WR�FRPSHQVDWH�IRU�WKH�HIIHFW�RI�ZLQG��,I�WKH�IOLJKW�GLUHFWRU
PRYHV�OHIW�� WKH�SLORW�ZLOO�EDQN�WR�WKH�OHIW��,I�WKH�IOLJKW�GLUHFWRU�PRYHV�WR�WKH�ULJKW��WKH�SLORW�ZLOO�EDQN� WR� WKH� ULJKW�
7KH�IOLJKW�GLUHFWRU�ZLOO�JXLGH�WKH�SLORW�VR�WKDW�WKH�SODQH�ZLOO�DUULYH�DW�D�KHDGLQJ�WKDW�QHJDWHV�WKH�HIIHFW�RI�ZLQG�DQG

)LJXUH���)OLJKW�'LUHFWRU
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WKH�SODQH�ZLOO�IO\�RQ�WKH�FHQWHUOLQH���2QFH�WKH�SLORW�FURVVHV�WKH�PLGGOH�PDUNHU��WR�FRQWLQXH�WKH�GHVFHQW�DQG�ODQG��WKH
SLORW�PXVW�VHH�WKH�UXQZD\�RU�OLJKWV�DVVRFLDWHG�ZLWK�WKH�DSSURDFK���7KH�SODQH�XVXDOO\�ZLOO� WRXFKGRZQ�E\������ IHHW
IURP�WKH�WKUHVKROG�RI�WKH�UXQZD\�

352%/(0�'(6&5,37,21

/DQGLQJ�DQ�DLUFUDIW�LQ�KLJK�ZLQGV��URXJK�DLU�RU�DW�QLJKW�UHTXLUHV�KLJKO\�DFFXUDWH�LQIRUPDWLRQ�RQ�WKH�SRVLWLRQ�DQG
DQJOH�RI�WKH�DLUFUDIW�ZLWK�UHVSHFW�WR�WKH�UXQZD\����7KH�IOLJKW�GLUHFWRU�FDQ�SURYLGH�WKH�SLORW�LQIRUPDWLRQ�WR�JXLGH�WKH
DLUFUDIW� WR� VDIHW\��:LWK� D� IOLJKW� GLUHFWRU�� WKH� SLORW� VLPSO\�PRYHV� WKH� FRQWURO� ZKHHO� OHIW� RU� ULJKW� WRZDUG� WKH� IOLJKW
GLUHFWRU�QHHGOH�WR�NHHS�LW�FHQWHUHG��7KH�IOLJKW�GLUHFWRU�PDNHV�IOLJKW�LQ�EDG�ZHDWKHU�DQG�ZLQGV�HDVLHU�DQG�VDIHU�WR�IO\
DQG� UHGXFHV� FRPSOH[LW\� IRU� WKH� SLORW�� EXW� UHTXLUHV� D� FRQWURO� ODZ� LQ� D� FRPSXWHU� WR� FDOFXODWH� WKH� SURSHU� UROO
FRPPDQGV�

7KH� ODWHUDO� IOLJKW� GLUHFWRU� FXUUHQWO\� XVHG� IRU� WKH� 1$6$� /DQJOH\� %RHLQJ� ���� VLPXODWLRQ� XVHV� SURSRUWLRQDO
IHHGEDFN� IURP� WKH� ORFDOL]HU� DQG� KHDGLQJ�� DQG� D� SURSRUWLRQDO�� LQWHJUDO�� GHULYDWLYH� FRQWURO� ODZ� IRU� WKH� UROO� DQJOH
FRPPDQG�DQG�UROO�IHHGEDFN���7KLV�GHVLJQ�KDV�DQ�RYHUGDPSHG�UHVSRQVH��DQG�DV�D�UHVXOW� LV�YHU\�VORZ�WR�FDSWXUH�WKH
FHQWHUOLQH���,W�GRHV�QRW�SURYLGH�DGHTXDWH�JXLGDQFH�LI�WKH�DLUFUDIW�LV�YHU\�IDU�RII�WKH�FHQWHUOLQH�DW�WKH�PLGGOH�PDUNHU�
,Q�DQ�HPHUJHQF\�VLWXDWLRQ�� LI�D�JXVW�RI�ZLQG�ZHUH� WR�NQRFN� WKH�SODQH�RII�FRXUVH�DW� WKH�PLGGOH�PDUNHU� WKH�FXUUHQW
IOLJKW�GLUHFWRU�FRXOG�QRW�SURYLGH�HIILFLHQW�JXLGDQFH�WR�ODQG�WKH�SODQH�VDIHO\�

7KH�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�GHVLJQ�D� ODWHUDO�IOLJKW�GLUHFWRU�IRU�D�FRPPHUFLDO�%RHLQJ�����WKDW�ZLOO�FDOFXODWH
UROO�DQJOH�FRPPDQGV�WR�FDSWXUH�DQG�WUDFN�WKH�UXQZD\�FHQWHUOLQH��XVLQJ�PHWKRGV�GLIIHUHQW�IURP�WKH�FRQWURO�ODZ�QRZ
LQ�XVH�� �7KH�QHZ�IOLJKW�GLUHFWRU�VKRXOG�EH�DEOH� WR�JXLGH�D�SODQH� WR�D� VDIH� ODQGLQJ� LQ�QRUPDO�FLUFXPVWDQFHV�� DV� WKH
FXUUHQW�IOLJKW�GLUHFWRU�GRHV��DQG�LQ�WKH�VWUHVV�FDVH��ZKHQ�WKH�ORFDOL]HU�LV�SHJJHG�DW�WKH�PLGGOH�PDUNHU���7KH�GLIIHUHQW
FDQGLGDWH�FRQWURO�ODZV�WKDW�DUH�GHVLJQHG�DQG�WHVWHG�DUH�VXPPDUL]HG�LQ�WKH�IROORZLQJ�WDEOH�

Control Law Feedback

LOC Deviation Heading Roll
1 P None P
2 PI None P
3 PD None P
4 PID None P
5 P P P
6 PI P P
7 PD P P
8 PID P P
Current Law P P PID

7DEOH���&RQWURO�/DZV

.H\
3� ²�3URSRUWLRQDO

,� ²�,QWHJUDWRU
'� ²�'HULYDWLYH
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6LQFH�� WKHUH� DUH� FHUWDLQ� FULWHULD� WR�PHHW� LQ� RUGHU� WR� ODQG� D� FRPPHUFLDO� DLUOLQH�� VHYHUDO� H[SHULPHQWV� KDYH� EHHQ
SHUIRUPHG�WR�WHVW�WKH�PRVW�FRPPRQ�DQG�QRW�VR�FRPPRQ�ODQGLQJV���7KH�WHVW�FDVHV�LQFOXGH�

� � � � � �

,QLWLDO
&RQGLWLRQV

6WDQGDUG 6WDQGDUG
&URVVZLQG
IURP�OHIW

6WDQGDUG
&URVVZLQG
IURP�ULJKW

3URFHGXUH
7XUQ

%DVHOHJ
1R�ZLQG

3HJJHG
DW� 0LGGOH
0DUNHU

[���ORFDWLRQ ������� ������� ������� ������� �������� �����

\���ORFDWLRQ ����� ����� ����� ������ ������ ���

KHDGLQJ � � � �� �� ��

ZLQG
YHORFLW\��ISV

� �� �� � � �

ZLQG
GLUHFWLRQ

� ��� �� � � �

7DEOH���7HVW�&DVHV

1RWH��;�DQG�<�ORFDWLRQ�DUH�EDVHG�RQ�DQ�HQG�RI�UXQZD\�FRRUGLQDWH�V\VWHP��3DJH�����7KH�\�ORFDWLRQ�LV�SRVLWLYH�LI
DSSURDFK�LV�IURP�WKH�ULJKW�DQG�QHJDWLYH�LI�DSSURDFK�LV�IURP�OHIW�

352%/(0�6(783� �5(48,5(0(176�$1'�/,0,7$7,216

7KH� LQIRUPDWLRQ� DYDLODEOH� FRQVLVWV� RI� WKH� ORFDOL]HU�� ZKLFK� LQGLFDWHV� WKH� DQJXODU� GHYLDWLRQ� IURP� WKH� UXQZD\

FHQWHUOLQH�� �+RZHYHU�� LW� LV� OLPLWHG� WR�������°�� �$Q\� ORFDOL]HU� GHYLDWLRQ� HUURU� EH\RQG� WKLV�� WKH� QHHGOH� LV� OLPLWHG� WR
PD[LPXP�RI����°�ZLWKLQ�D�UHFHSWLRQ�UDQJH�RI���°�DQG�DSSUR[LPDWHO\����QP���7KH�V\VWHP�EHFRPHV�PRUH�VHQVLWLYH�DV
WKH�DLUSODQH�QHDUV�WKH�WUDQVPLWWHU���7KH�UHDVRQ�LV�WKDW�D�JLYHQ�ODWHUDO�GLVWDQFH�RII�WKH�EHDP�FHQWHUOLQH�FRUUHVSRQGV�WR
D�ODUJHU�HUURU�DQJOH�DV�WKH�WUDQVPLWWHU�LV�DSSURDFKHG���)LJXUH���GHSLFWV�WKH�JHQHUDO�ODWHUDO�JXLGDQFH�JHRPHWU\�

)RU�WKLV�VWXG\��WKH�RXWHU�PDUNHU��20��EHDFRQ�LV�SODFHG�DW�������� IW� IURP�WKH� UXQZD\�� DERXW���QDXWLFDO�PLOHV�
7KH�PLGGOH�PDUNHU� �00��EHDFRQ� LV�SODFHG�DW������� IW� IURP� WKH� UXQZD\�� DERXW� ���� QDXWLFDO�PLOHV�� �7KHVH�PDUNHU
EHDFRQV�VHQG�VLJQDOV��IODVK�OLJKWV�DQG�PDNH�DXGLR�WRQHV�IRU�D�IHZ�VHFRQGV��ZKLFK�WKH�DLUFUDIW�SLFNV�XS�DV�LW�IOLHV�RYHU
WKH�PDUNHUV�

�7KH�SLORW�NQRZV�WKH�DLUFUDIW�KHDGLQJ�DQG�EDQN�DQJOH�IURP�WKH�EDVLF�IOLJKW� LQVWUXPHQWV��5ROO�DQJOH�IHHGEDFN�LV
REWDLQHG�IURP�WKH�DWWLWXGH�LQGLFDWRU���+HDGLQJ�LV�REWDLQHG�IURP�WKH�FRPSDVV�RQ�WKH�+6,��7KH�UXQZD\�KHDGLQJ�DQG
ORFDOL]HU�WUDQVPLWWHU�IUHTXHQFLHV�DUH�NQRZQ�IURP�DSSURDFK�FKDUWV���7KH�ORFDOL]HU�QHHGOH�VKRZV�WKH�DQJXODU�GHYLDWLRQ
�QRW�GLVWDQFH��IURP�WKH�UXQZD\�FHQWHUOLQH���7KH�SLORW�FRQWUROV�WKH�DLUFUDIW�E\�PRYLQJ�D�FRQWURO�ZKHHO�WKDW�GHWHUPLQHV
WKH� UROO� UDWH�� �7KH� UROO� �EDQN�� DQJOH� DQG� WKH� VSHHG� RI� WKH� DLUFUDIW� GHWHUPLQH� WKH� UDWH� RI� FKDQJH� RI� KHDGLQJ�� � 7KH
DLUFUDIW�KHDGLQJ�PD\�RU�PD\�QRW�EH� LQ� WKH�GLUHFWLRQ� WKDW� WKH�SODQH� LV�PRYLQJ�� GHSHQGLQJ�RQ� WKH� HIIHFWV� RI�ZLQGV�
)RU�WKH�DQDO\VLV��LW�LV�DVVXPHG�WKDW�WKH�SLORW�ZLOO�UROO�WR�IROORZ�WKH�IOLJKW�GLUHFWRU���)URP�WKH�LQVWUXPHQWV�LQ�WKH�SODQH
WKH�IOLJKW�GLUHFWRU�FDQ�XVH�WKH�KHDGLQJ�DV�LQSXW�WR�WKH�FRQWUROOHU��LI�QHHGHG�

7KH�IOLJKW�GLUHFWRU�VKRXOG�QRW�FRPPDQG�ODUJH�DQJOHV�RU�UDWHV���7\SLFDO�OLPLWV�DUH���°�RI�EDQN��DQG�D�UROO�UDWH�RI
��°� SHU� VHFRQG�� � 7KH� DLOHURQV�� PRYDEOH� KLQJHG� VHFWLRQV� RQ� WKH� ZLQJ� RI� DQ� DLUSODQH� IRU� FRQWUROOLQJ� UROOLQJ
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PRYHPHQWV�� KDYH� D�PD[LPXP� GHIOHFWLRQ� RI� ��°� DQG� SURGXFH� D� UROO� UDWH� RI� DERXW� ��°� SHU� VHFRQG� LQ� WKH� ODQGLQJ
FRQILJXUDWLRQ�

7KH�IROORZLQJ�DVVXPSWLRQV�DQG�FRQGLWLRQV�ZLOO�DSSO\�IRU�WKLV�VWXG\���7KH�DLUFUDIW�ZLOO�IO\�DW�D�FRQVWDQW�DLUVSHHG�
YHORFLW\�UHODWLYH�WR�WKH�DLU��RI�����IHHW�SHU�VHFRQG�RU�����NQRWV���7KLV�LV�QRUPDO�DSSURDFK�VSHHG�IRU�D�%RHLQJ�������,W
LV�DVVXPHG�WKDW�WKH�DLUFUDIW�PDNHV�FRRUGLQDWHG�WXUQV���7KH�DLUFUDIW�SHUIRUPV�D�FRRUGLQDWHG�WXUQ�E\�EDQNLQJ��UROOLQJ
WKH�ZLQJV��DQG�PRYHV�LQ�WKH�GLUHFWLRQ�LW� LV�SRLQWLQJ�UHODWLYH� WR� WKH�DLUPDVV�� �$LUPDVV� LV� D� ODUJH�ERG\�RI�DLU�KDYLQJ
YLUWXDOO\�XQLIRUP�FRQGLWLRQV�RI�WHPSHUDWXUH�DQG�PRLVWXUH�LQ�D�KRUL]RQWDO�FURVV�VHFWLRQ��EXW�QRW�WKH�JURXQG���:LQGV
DIIHFW�WKH�PRWLRQ�RI�WKH�DLUFUDIW�UHODWLYH�WR�WKH�JURXQG�

6LQFH�WKLV�VWXG\�LV�RQO\�FRQFHUQHG�ZLWK�ODWHUDO�JXLGDQFH��WKH�DLUFUDIW� LV� DVVXPHG� WR� IROORZ� WKH�JOLGHVORSH�� �7KH
JOLGHVORSH� LV� JHQHUDWHG� E\� D� WUDQVPLWWHU�� ZKLFK� WHOOV� WKH� SLORW� LI� WKH� DLUFUDIW� LV� KLJKHU� RU� ORZHU� WKDQ� LW� VKRXOG� EH
GXULQJ� WKH� DSSURDFK�� � 6RPH� ,/6·V� KDYH� D� GLVWDQFH�PHDVXUHPHQW� HTXLSPHQW� �'0(�� WUDQVPLWWHU� FROORFDWHG� DW� WKH
ORFDOL]HU�WUDQVPLWWHU�ZKLFK�SURYLGHV�WKH�GLVWDQFH�RI�WKH�DLUFUDIW�IURP�WKH�ORFDOL]HU���)RU�WKLV�VWXG\�D�'0(�ZLOO�QRW�EH
XVHG�

North

ψ

d

ψref =

Localizer
Lateral Beam

λ(error)

ψ -ψref

Beamwidth runway
heading

)LJXUH���*HQHUDO�/DWHUDO�*XLGDQFH�*HRPHWU\

7KH� SUREOHP� EHJLQV� ZLWK� WKH� SODQH� KHDGLQJ� URXJKO\� WRZDUG� WKH� RXWHU� PDUNHU�� � ,Q� UHDO� OLIH� WKH� DLU� WUDIILF
FRQWUROOHU�ZRXOG�WHOO�WKH�SLORW�ZKLFK�GLUHFWLRQ�WR�IO\��7KH�DQJOH�WKH�DLUSODQH�LQWHUFHSWV�WKH�ORFDOL]HU�EHDP�LV�EHWZHHQ

±��°��WKH�SUHIHUUHG�LQWHUFHSW�DQJOH��ψ�ψUHI��±��°�RII�FHQWHUOLQH���)LJXUH���GLVSOD\V�D����°�DSSURDFK���,I�WKH�DLUFUDIW�LV
FRPLQJ� LQ� DW� DQ� DQJOH� RI�PRUH� WKDQ�±��°� D� SURFHGXUH� WXUQ� � �ILJXUH� ��� LV� GRQH� VR� WKDW� WKH� SLORW� DSSURDFKHV� WKH
FHQWHUOLQH�DW�DQ�DQJOH�RI�±��°�

)LJXUH���3URFHGXUH�7XUQ
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2QH�RI� WKH�PDLQ�REMHFWLYHV�ZDV� WR�PHHW� WKH�FULWHULD�RI� GHYHORSLQJ� D� ODWHUDO� IOLJKW� GLUHFWRU� WKDW�PD\� DLG�ZKLOH
ODQGLQJ�LQ�D�VWUHVV�FDVH��SHJJHG�DW�WKH�PLGGOH�PDUNHU��ZKLOH�DOVR�PHHWLQJ�WKH�PLQLPXP�FULWHULD���7KH�FULWHULD�LQFOXGHV

• 'RHV�SODQH�PDNH�LW�WR�FHQWHUOLQH�LQ�WLPH�WR�ODQG��ZLWKLQ�WKH����IRRW�UDQJH"

• ,V�WKH�RYHUVKRRW�OHVV�WKDQ����"

• ,V�WKH�V\VWHP�WRR�RVFLOODWRU\"

• ,V�WKH�V\VWHP�VWDEOH"

7KH�IROORZLQJ�LV�D�WDEOH�RI�DOO�WKH�FRQWURO�ODZV�WKDW�DUH�FRPSDUHG�IRU�HDV\�UHIHUHQFH

&RQWURO�/DZ )HHGEDFN
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5ROO�DQJOH�IHHGEDFN�LV�UHTXLUHG�IRU�DOO�FRQWURO� ODZV�� �7KH�UROO�DQJOH�FRQWURO� ODZ�GHVLJQHG��ZKLFK�LV�XVHG�IRU�DOO
WHVWHG� FRQWURO� ODZV�� LV� SURSRUWLRQDO�� � 7KLV� LV� GHULYHG� IURP� WKH� DVVXPSWLRQ� WKDW� WKH� SLORW� FORVHV� WKH� LQQHU� ORRS�
6XSSRVLQJ�WKH�SLORW�IOLHV�E\�UHIHUHQFLQJ�WKH�IOLJKW�GLUHFWRU�LQVWUXPHQW��WKHQ�WKH�UROO�FRPPDQG�ZLOO�EH�SURSRUWLRQDO�WR
UROO�HUURU���7KH�DPRXQW�RI�UROO�UDWH�DFWLYLW\�RQ�WKH�SORWV�LQGLFDWHV�WKH�SLORW·V�ZRUNORDG�LQ�IROORZLQJ�WKH�IOLJKW�GLUHFWRU�

&RQWURO�ODZV����������������DQG���ZHUH�UHMHFWHG�IRU�VHYHUDO�UHDVRQV��&RQWURO�ODZ���DQG���IDLOHG�WKH�LQLWLDO�GHVLJQ�
EHFDXVH�RI�WKH�LQVWDELOLW\�LQ�WKH�V\VWHPV�QHLWKHU�RQH�FRXOG�EH�IXOO\�GHVLJQHG���&RQWURO�ODZ���LV�QHXWUDOO\�VWDEOH�ZLWK�D
GDPSLQJ� UDWLR�RI�]HUR�DQG� WKXV�� WKH� V\VWHP�RVFLOODWHV�FRQWLQXRXVO\� UHJDUGOHVV�RI� WKH�JDLQV�XVHG�� �&RQWURO� ODZ��� LV
XQVWDEOH�IRU�DQ\�JDLQV�DV�LQGLFDWHG�LQ�WKH�URRW�ORFXV�SORWV���&RQWURO�ODZ���LQLWLDOO\�SDVVHG�WKH�VWDQGDUG�DSSURDFK��EXW
IDLOHG� WKH�SURFHGXUH� WXUQ�ZLWK�DQ�RYHUVKRRW�RI������ �)LJXUH���� LV� D�PDJQLILHG�YHUVLRQ�RI� WKH� ORFDOL]HU� GHYLDWLRQ�
7KH�RYHUVKRRW� LV�������� ����� �$GGLQJ� DQ� LQWHJUDWRU� RQ� FRQWURO� ODZV� ��� ��� DQG� �� DGGHG�XQQHFHVVDU\� RYHUVKRRW�
&RQWURO�ODZV������DQG���IDLOHG�WR�PHHW�WKH�FULWHULD�IRU�WKH�VWUHVV�FDVH�DW�WKH�PLGGOH�PDUNHU�
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%DVHG�RQ�WKH�JDLQV�GHULYHG��RQO\�FRQWURO�ODZ���DQG�FRQWURO�ODZ���SDVV�DOO�WHVWV��ZKLOH�WKH�FXUUHQW�ODZ�IDLOV���7KH
WHVW�UHVXOWV�RI�WKH�FXUUHQW�FRQWURO� ODZ�DUH� OLVWHG� LQ�DSSHQGL[�$�� �7KH�FXUUHQW� ODZ� LV� VPRRWK�EXW�YHU\� VOXJJLVK�� DQG
FDQQRW�UHFRYHU� LI�SHJJHG�DW�WKH�PLGGOH�PDUNHU��,W�IDLOHG�WKH�VWUHVVHG�FDVH�EHFDXVH�DW�WRXFKGRZQ�LWV�KHDGLQJ� LV�QRW
SDUDOOHO�ZLWK�WKH�UXQZD\��ZKLFK�LQGLFDWHV�WKDW�WKH�SODQH�LV�QRW�OLQH�XS�ZLWK�FHQWHUOLQH�DQG�ZRXOG�ODQG�RII�WKH�UXQZD\
DW�DQ�DQJOH�WR�WKH�UXQZD\�� �7KH�SODQH�ZRXOG�EH�DSSUR[LPDWHO\����IHHW�RII�FHQWHUOLQH�DW�WRXFKGRZQ��ZKLFK�H[FHHGV
WKH�VDIH�ODQGLQJ�FULWHULD��&RQWURO�ODZ���DQG���DUH�DOPRVW�LGHQWLFDO�LQ�HYHU\�ZD\�H[FHSW�IRU�WKH�SHJJHG�DW�WKH�PLGGOH
PDUNHU���7KH\�SURYLGH�D�VPRRWK�WUDQVLWLRQ�XSRQ�DSSURDFK�WR�WKH�FHQWHUOLQH���$W�WKH�FHQWHUOLQH��FRQWURO�ODZ���GRHVQ·W
UHDFK� VWHDG\� VWDWH� EHIRUH� WRXFKGRZQ�� DV� RSSRVHG� WR� FRQWURO� ODZ����ZKLFK� JHWV� WKHUH�PXFK� TXLFNHU� DQG� VWDELOL]HV
EHIRUH�WRXFKGRZQ���)RU�VDIHW\�UHDVRQV�FRQWURO� ODZ���VKRXOG�EH�FKRVHQ�� �,I�WKH�SLORW�SUHIHUUHG�QRW�WR�GR�WRR�PXFK
ZRUN� WKHQ� WKH� FXUUHQW� FRQWURO� ODZ� FDQ� PHHW� KLV� QHHGV� EXW� LI� ZLQG� EORZV� KLP� RII� FRXUVH� WKHQ� WKH� SLORW� FDQQRW
UHFRYHU�WKH�FHQWHUOLQH�DOLJQPHQW�RI�KLV�DLUFUDIW���&RQWURO�ODZ���ZRXOG�PHHW�WKLV�QHHG�
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&21&/86,216

)URP�WKH�HLJKW�FRQWURO�ODZV�WHVWHG��RQO\�FRQWURO�ODZ���ZLWK�IHHGEDFN�IURP�UROO��KHDGLQJ�DQG�ORFDOL]HU�GHYLDWLRQ
PHW� DOO� FULWHULD� VXFFHVVIXOO\�� �7KH� JRDO� RI� WKLV� VWXG\�ZDV� WR� GHWHUPLQH� D� V\VWHP� WKDW� LV� OHVV� FRPSOLFDWHG� WKDQ� WKH
FXUUHQW�V\VWHP�DQG�VXFFHVVIXOO\�SHUIRUPV�WKH�PLGGOH�PDUNHU�VWUHVV�WHVW�� �*LYHQ� WKLV�JRDO��JDLQV�ZHUH�FKRVHQ� WR�EH
VWDWLF�UDWKHU�WKDQ�G\QDPLF�ZKLFK�UHVXOWV�LQ�D�VLPSOHU�FRQWUROOHU���,Q�DGGLWLRQ��XVLQJ�D�KHXULVWLF�PHWKRG�IRU�GHVLJQLQJ
WKH� FRQWURO� ODZV�� WKH� JDLQV� ZHUH� FKRVHQ� EDVHG� RQ� DQDO\VLV�� EXW� ZHUH� QRW� FKDQJHG� WR� EH� DEOH� WR� WHVW� IRU� RSWLPDO
FRQWURO���7KH�UHVHDUFK�ZDV�FRQGXFWHG�SULPDULO\�WR�WHVW�GLIIHUHQW�FRQWURO�ODZV�DV�RSSRVHG�WR�ILQGLQJ�WKH�RSWLPDO�RQH�
&RQWURO� ODZ��� LV� OHVV� FRPSOLFDWHG� WKDQ� WKH� FXUUHQW� ODZ� DQG� WKLV� LPSOLHV� OHVV� KDUGZDUH� FRPSOH[LW\�� � (YHQ� WKRXJK
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